Constraints on the whole spectrum of lepton flavor violating vertices are shown in the context of the standard two Higgs doublet model. The vertex involving the e − τ mixing is much more constrained than the others, and the decays proportional to such vertex are usually very supressed. On the other hand, bounds on the quark sector are obtained from leptonic decays of the B 
Introduction
Many extensions of the standard model leads naturally to flavor changing neutral currents (FCNC) in quark and lepton sectors. This is the case of models with an extended Higgs sector. However, owing to the high suppression imposed by experiments, several mechanisms has been used to get rid of them, such as discrete symmetries [1] , permutation symmetries [2] , and different textures of Yukawa couplings [3] . Notwithstanding, the increasing evidence on neutrino oscillations seems to show the existence of mass terms for neutrinos as well as of family lepton flavor violation (LFV) [4] . Such fact has inspired the study of many scenarios that predict LFV processes as in the case of SUSY theories with R-parity broken [5] , SU(5) SUSY models with right-handed neutrinos [6] , models with heavy Majorana neutrinos [7] , and multi-Higgs doublet models with right-handed neutrinos for each lepton generation [8] . On the other hand, LFV in the charged sector has been also examined in models such as SUSY GUT [9] , and the two Higgs doublet model (2HDM) [3, 10] .
In the charged lepton sector, searches for FCNC have been carried out through leptonic and semileptonic decays of K and B mesons [11] , as well as purely leptonic processes [12] . On the other hand, some collaborations plan to improve current upper limits of some LFV decays by several orders of magnitude, by increasing the statistics [13] . Other possible sources of improvement lies on the Fermilab Tevatron and LHC by means of LFV Higgs boson decays. Further potential sources to look for Higgs mediated FCNC lie on the muon colliders. It is because they have the potentiality to produce Higgs bosons in the s−channel, with substantial rate production at the Higgs mass resonance [14] . From the theoretical point of view, since Higgs Yukawa couplings are usually proportional to the lepton mass, they give an important enhancement to cross sections with Higgs mediated s−channels, respect to the ones in an e + e − collider. In particular, for the process µ + µ − → h → µτ , Ref. [15] has found that in the context of the 2HDM III, hundreds of such events are expected if m h ≤ 140 GeV with a total integrated luminosity of 1f b −1 over a negligible background, providing useful information about the µ − τ mixing. Besides, Ref. [15] also found that the process µµ → eτ could be observable as well, though only some few events are expected. Notwithstanding, for Higgs boson masses above the h → W W * , ZZ * threshold (m h 150 GeV) the opening of these new channels decrease dramatically the production of such FCNC decays.
On the other hand, Ref. [14] ; studied constraints for FCNC in the quark sector of the 2HDM III, by using rare B decays, Z → bb, the ρ parameter, the D − D and B − B mixings, and decays such as
Recently, contraints on the t − t and b − b mixings were studied by means of B − B and b → sγ [16] . As it has been emphasized in the literature, [14, 16] , the data of K 0 − K 0 and B 0 − B 0 mixing put severe bounds on the flavor changing couplings involving the first family. Indeed, this fact was one of the motivations to implement a discrete symmetry in the 2HDM in order to suppress FCNC effects [1] . This fact in turn motivates to Chao et. al. [17] , to make a parameterization in the 2HDM in which the FC vertices involving the first family are neglected, and assume that the only non-vanishing couplings are λ tt , λ bb . Based on this assumption, Ref. [16] , has estimated constraints on λ tt and λ bb from B 0 − B 0 and lower bounds on m H ± from the CLEO data of b → sγ. In this scenario, the tree-level diagrams
d are neglected and the box diagrams involving one charged Higgs boson in the loop become dominant [14, 16] , leaving λ tt , λ bb and m H ± as the only free parameters in the process. However, although Ref. [16] found that relatively light charged Higgs bosons are still allowed, they also found that very heavy charged Higgs bosons are still permitted and even required if there is a significant relative phase between λ tt and λ bb . Wherever a very large value of m H ± is allowed, it opens the possibility of having dominant or at least competitive tree level diagrams even with highly suppressed values of the couplings involving the first family, especially in the case in which at least one of the neutral Higgs bosons is kept light. Inspired in this idea, we shall assume in this paper that the tree level diagram is dominant.
On the other hand, in a recent previous work [10] , some constraints on LFV have been found in the framework of the two Higgs doublet model with flavor changing neutral currents. Specifically, bounds on the vertices ξ µτ , ξ eτ , ξ µµ ,ξ τ τ , were obtained based on the g − 2 muon factor and the leptonic decays µ → eγ, τ → µµµ, τ → µγ. Additionally, upper limits on the decays τ → eγ and τ → eee were estimated, finding them to be highly suppressed respect to the present experimental sensitivity. The purpose of this work is on one hand to complete the information about the spectrum of the LFV matrix in the lepton sector, and on the other hand restrict some vertices involving the first family of the quark sector, and show that such vertices could still play a significant role in the phenomenology. Combining bounds on the quark and lepton sector we can predict upper bounds for leptonic decays of the B 0 mesons. With this in mind, we shall use in Sec. 2 the leptonic processes τ 
Constraints in the lepton sector
We shall work in the context of the two Higgs doublet model (2HDM) with flavor changing neutral currents, the so called model type III. We shall neglect possible relative phases between the FC vertices. The leptonic Yukawa couplings read
where H 0 (h 0 ) denote the heaviest (lightest) neutral CP −even scalar, and A 0 is a CP −odd scalar. E refers to the three charged leptons E ≡ (e, µ, τ )
T and M E , ξ E are the mass matrix and the LFV matrix respectively, α is the mixing angle in the CP −even sector. We use the parameterization in which one of the vacuum expectation values vanishes.
The decays needed to obtain our bounds are given by
Observe that the decays containing two identical particles in the final state possess interferences involving the pseudoscalar Higgs boson, while the decays with no identical leptons in the final state do not contain interference terms with the pseudoscalar. On the other hand, in the calculation of the decay width
, we neglect diagrams containing the vertex ξ eτ and keep only the ones proportional to ξ µτ , we make this approximation because a previous phenomenological analysis shows a strong hierarchy between these mixing vertices [10] (|ξ eτ | << |ξ µτ | by at least five orders of magnitude).
The corresponding experimental upper limits for these rare processes are [18] Γ τ
2.1 Bounds on ξ µe and ξ ee
In a previous work [10] , the LFV vertices coming from the 2HDM type III, were constrained by using several pure leptonic processes, the following bounds for the LFV vertices were found
Such constraints are valid in most of the region of parameters. Since we intend to complete the analysis made in [10] , we shall make the same assumptions which we summarize here for completeness. We settle m h 0 ≈ 115 GeV, and m A 0 m h 0 . In order to cover a very wide region of parameters, we examine five cases for the remaining free parameters of the model [10] 1. When m H 0 ≃ 115 GeV.
2. When m H 0 ≃ 300 GeV and α = π/2.
3.
When m H 0 is very large and α = π/2.
4.
When m H 0 ≃ 300 GeV and α = π/4.
5.
When m H 0 is very large and α = π/4. 
valid for most of the region of parameters 1 . It is worth saying that other restrictions on this vertex can be gotten from µ → eγ or τ → eγ assuming that only the diagrams with a muon in the loop contribute, instead of the tau as customary. Notwithstanding, bounds obtained this way are much less restrictive. On the other hand, we can get contraints on the vertex ξ ee by combining the already mentioned bounds on ξ 2 µτ and the upper experimental constraints for the decay Γ (τ − → µ − e + e − ) of Eq. (2). Since the factor ξ ee cannot be factorized in contrast to the case of ξ µe , we extract its bounds in the form of contourplots in the ξ ee − m A 0 plane, as shown in Fig. (1) . Additionally, we write in 
Constraints in the quark sector
We shall obtain constraints on the quark sector by using the experimental information from B 
Where f Bq represent the B 0 d meson decay constant whose value has been taken from [21] . The present experimental upper bounds for these decays at 90% C.L. are [18] 
Consequently, we can get upper limits for this products of mixing vertices by using the upper bound for these decays. In particular, from B d → µτ we find
On the other hand, since we have a lower bound on the mixing vertex ξ 
We can obtain a similar bound for the product ξ As we see from Eq. (5) and the bounds in this section, the latter blow up rapidly when m A 0 grows. Indeed, for heavy values of the pseudoscalar mass, the one loop contributions could be sizeable [22] introducing more free parameters to the model. Notwithstanding, if we consider a quite light pseudoscalar i.e. a mass no far from the electroweak scale, the tree level contribution is dominant and the bounds above are quite restrictive. 
where R qbh are the coefficients of the Feynman rules with q = d, s. In terms of the operators O F ∆F =2 defined in [14, 23] , we have that
where V IA denotes the Vacuum Insertion Approximation and B Bq is the vacuum saturation coefficient. The operators that we need in our case are
In addition, based on the expressions shown in section VI of the first of Refs. [14] , we introduce the factors M B S and M B P in terms of the ∆F = 2 matrix elements of the only two operators which do not vanish in the vacuum
where
Using Eqs. (7)- (11), we find that the contribution from new physics to the parameter ∆M B 0
We shall estimate bounds for ξ db by using ∆M The maximum room for the new physics reads
where ∆M Taking into account the upper limits of |ξ db | we obtain that the tree level contribution to this process coming from the 2HDM can be comparable and even dominant respect to the SM contribution. It shows that, although the mixing vertices involving the first generation are highly suppressed, is still possible for them to play a role in the phenomenology. Finally, it worths saying that when ∆M s is measured we will be able to extract very good bounds on ξ sb and even better limits for ξ sb /ξ db since the quotient ∆M s /∆M b removes the large uncertainties coming from the f 
Conclusions
We have found constraints on the whole spectrum of the mixing matrix of leptons, by using purely leptonic processes. A strong hierarchy between the vertices ξ µτ and ξ eτ is manifest. Effectively, as it is shown in table (4) , decays involving the ξ eτ vertex, are highly suppressed respect to the current instrumental sensitivity. The constraints on the rest of LFV vertices are much milder. However, current prospects to increase the statistics concerning LFV decays could improve such bounds significantly.
In addition, we constrain some FC couplings in the quark sector by using experimental limits on leptonic B The authors acknowledge the financial support by Fundación Banco de la República and Colciencias.
